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http://dx.doi.org/10.1016/j.jds.2012.0Abstract Background/purpose: The aim of the study was to evaluate the resinedentin inter-
face with a qualitative scanning electron microscopy (SEM) analysis in endodontically treated
teeth restored with selected luting adhesive resins and glass-fiber posts.
Materials and methods: Twelve periodontically and orthodontically involved premolars were
extracted and used in this study. The crowns of the teeth were sectioned at the cementoena-
mel junction using a low-speed diamond saw. After post space preparation, the roots were
randomly assigned to four groups and restored with different adhesive systems: group 1 used
RelyX ARC þ Single Bond; group 2 used Panavia F 2.0; group 3 used Clearfil SA Cement; and
group 4 used RelyX Unicem (all n Z 3). All groups were restored with the same type of
glass-fiber post. One day after post cementation, the roots were transversally sectioned in
three slices at different levels (apical, middle, and coronal). SEM photographs were taken from
four standardized areas of each root section to observe the bonding interface formation, the
quality of the hybrid layer, and the density of the resin tags using a four-step (0 to 3) scale
method.
Results: The mean scores of resin tags found at the 1-, 4.5-, and 8-mm levels were statistically
analyzed with the KruskalleWallis test to test for significance between and within groups atof Prosthodontics, School of Dentistry, Baskent University, Mutlukent Mahallesi 92, Sokak number 17
urkey; or U¨mitko¨y Sitesi number 31/4 U¨mitko¨y Ankara, Turkey.
om (E. O¨zdemir).
iation for Dental Sciences of the Republic of China. Published by Elsevier Taiwan LLC. All rights reserved.
3.021
366 E. O¨zdemir et alP < 0.05. Statistical analysis showed that the different adhesive cements affected the resin tag
morphology and density of the experimental groups (PZ 0.048). Differences among regions (1-
, 4.5-, and 8-mm levels) were analyzed in each group and were shown to be statistically signif-
icant (Friedman test, P Z 0.039).
Conclusion: Coronal regions in the root canals showed the best resin tag formation regardless
of the different adhesive systems used, and the RelyX ARC group with an etch-and-rinse mech-
anism exhibited the best resin tag formation of all root canal regions among all groups in the
current study.
Copyright ª 2012, Association for Dental Sciences of the Republic of China. Published by
Elsevier Taiwan LLC. All rights reserved.Introduction
Post and core restorations are the most common method
used to restore excessively damaged endodontically
treated teeth. In this type of restoration, the post provides
retention and stability to the core buildup, and the core
buildup provides retention to the final restoration by
replacing the lost coronal tooth structure.1 Meanwhile,
functional stresses must be homogenously distributed along
the root by the post to avoid possible root fractures.2
Traditionally, metal posts were used to restore endodonti-
cally treated teeth. Increased esthetic demands and
possible problems resulting from corrosion of posts made
from base metal alloys led to the development of tooth-
colored post systems.3
Fiber-reinforced posts (FRPs)3 are made up of compos-
ites in which fibers are embedded in a resin matrix to
enhance mechanical properties. Glass, quartz, and carbon
fibers can be used to fabricate FRPs.4 FRPs were shown to
lower the root fracture rate because their elastic moduli
are more similar to dentin compared with those of metal
posts.5 According to a study by Papadopoulos et al,6 FRP
systems showed lower root fracture potential than did
titanium posts. Nam et al7 reported that FRP systems
significantly increased the fracture strength of roots.
There are several options for using different adhesive
systems with various polymerization and adhesion mecha-
nisms. There are three commercially available adhesive
systems: etch-and-rinse, self-etching, and self-adhesive
systems.8 The smear layer is removed with the application
of phosphoric acid (usually applied at 35e37%) in etch-and-
rinse adhesive systems before primer and bonding proce-
dures.9 The acid-etching procedure is omitted in self-etching
adhesive systems, and the smear layer is only modified with
the primer and bonding procedures. Both systems utilize
primer and bonding procedures, and the procedures can be
achieved in one or two steps.9 In 2002, self-adhesive resin
cements were introduced to the market.10 With acidic and
hydrophilic monomers in their composition, enamel and
dentin can be simultaneously demineralized and infiltrated,
resulting in strong bonding.11 Therefore, they require no
conditioning or primer pretreatment of the tooth substrate.
Theacidicmonomers are claimed to interact chemicallywith
the basic inorganic fillers of the material, leading to an
additional acidebase setting reaction, apart from the free
radical polymerization of the material.11 The success of the
root dentine adhesive restorative technique is directlyassociated with the quality and uniformity of the resin-
edentine interdiffusion zone (i.e., the hybrid layer), resin
tags, and adhesive lateral branches produced upon infiltra-
tion of the adhesive systemwithin the demineralized dentine
substrate, as well as the formation of a gap-free interface
between the resin material and the canal walls.9,10
The aim of this study was to use scanning electron
microscopy (SEM) to evaluate the bonding interface
produced at root canal dentine after application of
different adhesive systems and intercanal glass-fiber post
cementation procedures. A qualitative analysis of the
bonding interfaces followed a four-step (0 to 3) scale
method which was established for each evaluated condi-
tion, according to modifications from a study by Ferrari
et al.12Materials and methods
Twelve extracted non-carious human mandibular premolars
were stored in 0.1% thymol diluted with saline at 4 C and pH
7, and used within 1e3 months after extraction. The coronal
part of each tooth was sectioned at the cementoenamel
junction using a low-speed diamond-coated disk (NTI Kahla,
Im Camisch, Germany) to obtain roots approximately
13e14 mm long. Pulp tissues were removed with a barbed
broach (Dentsply, Maillefer, Ballagiues, Switzerland). Teeth
were then instrumented 1 mm short of the apex with a step-
back technique, using stainless steel K files (Zipperer,
Munich, Germany) with 5.25% sodium hypochlorite for irri-
gation. All root canals were instrumented to the same size (a
#45 file, Dentsply, Maillefer). The prepared teeth were
obturated using a lateral condensation technique, with
gutta-percha (Diadent, Chongju, South Korea) and resin-
based sealer (AH-26, De Trey, Zurich, Switzerland). Cervical
root canal openings were then filled with a provisional
restorative material (Cavit-G; 3M ESPE, Seefeld, Germany),
and the gutta-percha-filled root canals were placed in
a humidor (100% relative humidity) for 1 week at 37 C.
Gutta-percha fillings of the teeth in all groups were
removed to a depth of 9 mm with Peeso drills (Maillefer).
The working length of the drills was established with sili-
cone stoppers.12 This depth was obtained using a refer-
ence line painted on the shank at a distance of 9 mm from
the tip of the burs provided by the manufacturer. The
roots were prepared for cementation with a 1.35-mm
glass-fiber post (Glassix; Harald Nordin SA, Chailly-
Table 1 Material description, manufacturers and batch numbers of the materials used in this study.
Material description Material Chemical composition Manufacturer Lot#
Glass Fiber Post Glassix Glass fibers embedded in resin
matrix
Harald Nordin SA, Chailly-
Montreux, Switzerland
01287200511
Adhesive system Single Bond/
RelyX ARC
(Single Bond)
HEMA, BisGMA, dimetacrylate
resin, methacrylate modified
polycarboxylate acid
copolymer, photoinitator,
water and ethanol/(RelyX ARC)
BisGMA, TEGDMA, zirconia
silica filler (67.5 wt.%)
3M ESPE, St. Paul, MN, USA 7LB/3415A1
Adhesive system ED Primer/
Panavia F 2.0
Primer A: HEMA, 5-NMSA, MDP,
accelator, water
Primer B: 5-NMSA, accelator,
water/(Panavia F 2.0) BPEDMA,
MDP, DMA, barium, boron, and
silisium glass, NaF (73.wt.%)
3M ESPE, St. Paul, MN, USA 41243
Adhesive system Clearfil SA Cement MDP, BisGMA, TEGDMA, silica,
chemical and photo activator,
benzoil peroksit,
komforokinon, aromatic
dimetacrylate
Kuraray (Tokyo, Japan) 02ABA
Adhesive system RelyX Unicem Phosphoric acid methacrylates,
dimethacrylates, inorganic
fillers (72 wt.%), fumed silica,
initiators
3M ESPE, St. Paul, MN, USA 358639
Table 2 Bonding procedures.
RelyX ARC Acid etching (37% phosphoric acid; 3M
Scotchbond Etchant) for 15 s, rinse
for 10 s, apply two consecutive coats
of single bond
Panavia F 2.0 Mix ED Primer Aþ B (1:1), apply mix
for 60 s, air-dry
Clearfil SA Cement No pretreatment
RelyX Unicem No pretreatment
Evaluation of resinedentin interface 367Montreux, Switzerland) with a low-speed bur provided by
the manufacturer. The roots were than randomly divided
into four groups according to the different adhesion
systems used (n Z 3). The adhesive groups were Single
Bond/RelyX ARC (RA), ED Primer/Panavia F 2.0 (PAN),
Clearfil SA Cement resin cement (CL), and RelyX Unicem
resin cement (RU). Table 1 gives details of the materials
used in the study.
In group 1, the root canals were etched with 37%
orthophosphoric acid (Scotchbond etchant; 3M ESPE, See-
feld, Germany) for 15 seconds. Each canal was then irri-
gated with 20 mL of water (using an irrigation needle to
remove the etchant) and dried with paper points. Two
consecutive coats of Single Bond adhesive (Single Bond; 3M
ESPE, St. Paul, MN, USA) were applied to the canals using
a disposable fiber applicator (Microbrush X, Grafton, WI,
USA) to provide a more uniform hybridization of the
dentin.13 The dowel space was then air-dried for 5 seconds,
and paper points were used to remove any excess bonding
agent. The canal was then light-polymerized for 20 seconds
from the occlusal direction using a halogen polymerization
light (Hi-Lux, Benlioglu, Ankara, Turkey). RelyX ARC, luting
resin, was dispensed onto a mixing pad, mixed for 10
seconds, and applied to the dowel space using a peri-
odontal probe. The glass-fiber dowel was coated with a thin
layer of mixed luting resin and seated using finger pressure.
Excess luting resin was cleaned and polymerized from the
occlusal direction for 30 seconds. Approximately 4 mm of
glass-fiber dowel was left above the root surface. For group
2, the root canal walls were conditioned with Panavia ED
Primer A&B (1:1) (Kuraray, Osaka, Japan) for 60 seconds.After air drying of the root canals, Panavia F resin cement
was applied to the post surface and into the dowel space
using a periodontal probe. Excess marginal cement was
removed using small brushes and polymerized from the
occlusal direction for 30 seconds. An oxygen-blocking gel
(Oxyguard II; Kuraray) was applied for 3 minutes when
Panavia F 2.0 was used. For groups 3 and 4 using Clearfil SA
Cement and RelyX Unicem, the roots were not pretreated
according to the manufacturer’s instructions, i.e., with no
etching, primer, or bonding. Bonding to the hard dental
tissue was performed according to the manufacturers’
instructions, as listed in Table 2.
Root specimens were sectioned using a low-speed dia-
mond-coated disk (NTI Kahla) under water and perpendic-
ular to the long axis of the root. Three slices of each
specimen were obtained, representing the coronal, middle,
and apical regions of the post space preparation (one slice
per region), at depths of 1, 4.5, and 8 mm, respectively,
from the coronal border of the root. Sections were polished
Figure 1 Areas of the resinedentin interface. Four distinct
standardized areas were examined using SEM. P Z post.
Figure 2 Description of four-step scale method. A score of 0 was
was assigned when not significant, few and very short resin tags we
of 2 was assigned when multiple long resin tags were visible, but th
when long, dense resin tags with lateral branches were evident.
368 E. O¨zdemir et alusing 600-grit silicone abrasive paper (P 600; Kovax, Tokyo,
Japan), acid-etched in a 10% H3PO4 acid solution (Sigma-
Aldrich, Deisenhofen, Germany) for 10 seconds, and then
rinsed in distilled water for 60 seconds. Specimens were
then placed in a 5% NaOCl solution (Sigma-Aldrich) and
rinsed in distilled water. Serial SEM microphotographs were
taken at 800e1200 magnifications with an SEM (Quanta
200 FEG, Amsterdam, Holland) in UNAM (National Nano-
technology Research Center) at the University of Bilkent,
Ankara, Turkey.
A qualitative analysis of the bonding interfaces
addressed the following characteristics: (1) the longevity
and uniformity of the resin tags; and (2) the adhesive resin
cement thickness. For a quantitative evaluation of the
formation, morphology, and interaction of the resin tags,
SEM micrographs were taken from four standardized areas
of each root section (Fig. 1). A four-step (0 to 3) scale
method was established for each evaluated condition,
according to the criteria modified from Ferrari et al12:
a score of 0 was assigned when no resin tag formation wasassigned when no resin tag formation was detected; a score of 1
re formed, at least one resin tag was visible under SEM; a score
e lateral branches were not evident; a score of 3 was assigned
Figure 3 Apical section of RU shows few and short resin tags.
D Z dentin; RC Z resin cement; RT Z resin tag.
Evaluation of resinedentin interface 369detected; a score of 1 was assigned when insignificant, few,
and very short resin tags were formed, but with at least one
resin tag visible under SEM; a score of 2 was assigned when
multiple long resin tags were visible, but lateral branches
were not evident; and a score of 3 was assigned when long,
dense resin tags with lateral branches were evident. Fig. 2
gives a description of the scale. This scale method was also
used by da Silveira Teixeira et al.14 Four points were
examined at each root section (at the 1-, 4.5-, and 8-mm
levels, corresponding to the coronal, middle, and apical
regions), totaling 12 per root and 36 evaluations per group.
SEM evaluations were performed in a double-blinded
fashion by two different operators. In cases of a discrep-
ancy between the two readers, the lower score was
recorded.
Data were analyzed using statistical software (Minitab 14
program; Minitab, State College, PA, USA). The Krus-
kaleWallis test was used for statistical analysis of differ-
ences among groups, and differences among regions (1-,
4.5-, and 8-mm levels) were analyzed using the Friedman
test. Tukey’s multiple-comparison tests were used to
identify which group demonstrated a statistically significant
difference (a Z 0.05).
Results
Resin tags were scored, and mean values are given in
Table 3. Mean scores of the resin tags found at the 1-, 4.5-,
and 8-mm levels were statistically analyzed with the Krus-
kalleWallis test to test for significance between and within
groups at P < 0.05. Statistical analysis showed that the
different adhesive resin cements affected the resin tag
morphology and density in all experimental groups
(PZ 0.048). Differences among regions (at the 1-, 4.5-, and
8-mm levels) analyzed in each group were statistically
significant (Friedman test, P Z 0.039). Post-hoc pairwise
comparisons were done using Tukey’s multiple compari-
sons. The RA group differed from the other groups, whereas
the other groups showed similar results (D12, D13, D14 >
Dmax Z 14.67). Fig. 3 shows the apical section of a spec-
imen in the RU group, and Figs. 4 and 5 show coronal
sections of specimens in the PAN and RA groups.
Discussion
Results showed that different adhesive systems created
different resin tag formations and densities. Apical,
middle, and coronal parts of the roots showed different
resin tag morphologies. It was assumed that short, narrowTable 3 Mean resin tag scores recorded at 1-, 4.5-, and 8-
mm levels in each group.
Groups Apical
(8 mm level)
Middle
(4.5 mm level)
Coronal
(1 mm level)
RA 1.75 1.83 2.41
CL 0.83 0.75 1.50
PAN 1.33 1.66 1.75
RU 1.08 1.33 1.50dentin tubules in apical regions resulted in shorter, lower
resin tag formations than in middle and coronal regions. In
group 1, before applying the resin luting cement, phos-
phoric acid was applied to the root canals with a micro-
brush. For the other groups, there was no acid-etching step
before cementation; so removing the smear layer should be
the reason for the different resin tag formations in the
different groups.
In the present study, four different adhesive systems
were used. Whereas etch-and-rinse adhesive systems
removed the smear layer, self-etch adhesive systems modi-
fied it.15 Compared to the etch-and-rinse adhesive group,
the self-etching system could achieve adhesion withoutFigure 4 Coronal section of PAN, shows longer resin tags.
Figure 5 Coronal section of RA, hybrid layer formation on
the etched surface. HL Z hybrid layer; RT Z resin tag.
Figure 6 Apical section of RU, demonstrates the detach-
ments among glass fiber post/resin luting cement/dentin.
370 E. O¨zdemir et alapplying phosphoric acid (usually at 35e37%) before the
primer and bonding.8 For self-adhesive systems, there are no
prior steps.16 Immediately after mixing the self-adhesive
luting resins, the cement paste is very acidic and hydro-
philic. It shows greater moisture tolerance than multistep
composite cements. These properties can produce good
cement adaptation to the hydrophilic tooth surface during
the very first steps of the clinical cementation proce-
dure.16,17 A strongly cross-linked cement matrix with
hydrophobic properties is formed by radical polymerization
and neutralization reactions during polymerization. So self-
adhesive resin luting agents automatically change their
properties from hydrophilic to hydrophobic during poly-
merization.8 Among the groups, different resin tag forma-
tions and densities were found (PZ 0.48). The RA group used
a three-step etch-and-rinse adhesive system. Orthopos-
phoric acid at 37% was applied to the root dentin surface;
this procedure makes the dentin tubules more permeable.
Furthermore, the bonding agent used in the RA group
contains HEMA. Because of their wettability and affinity for
dentin, HEMA-containing adhesive systems produce a more
acid-resistant dentin substrate.18 Results of the current
study demonstrated superior resin tag formation in the RA
group and suggested potentially stronger clinical bonding
properties. A study by Viotti et al19 compared the bonding
strengths of different self-adhesive resin luting cements,
self-etching resin cements, and etch-and-rinse resin luting
cements. According to their results, the etch-and-rinse resin
luting cement (RelyX ARC) showed significantly higher
bonding scores than the other resin cements. This result
supports our findings of the acid-etching procedure
producing stronger bonding.
It is known that the adhesion mechanism of adhesive
systems in root canals depends on micromechanical prop-
erties.14,20 Interlocking between microporous walls and the
adhesive agent creates “micro” and “macro” resin tags as
demonstrated by Van Meerbeek et al. 9 Less microleakage isobserved with successful bonding. Longer and dense resin
tag formations and hybrid layers are indicators of successful
bonding. In the present study, although the same method
was applied to all roots, different resin tag formations and
densities were observed among sections (P Z 0.039). In
Fig. 3, short resin tags are shown in an apical section of the
RU group. This result supports previous findings by da Sil-
veira Teixeira et al,14 who demonstrated that shorter and
narrower dentin tubules in apical regions resulted in shorter
and lower resin tag formations than in middle and coronal
regions.21,22 The shorter resin tag formation indicates the
least successful bonding results. Another reason for the
shorter resin tags in Fig. 3 should be because the RU group,
which used a self-adhesive resin luting cement, required no
prior application step (such as acid etching). Acid etching
removes the smear layer and makes dentin tubules more
permeable.8
In the present study, a thin microbrush was used to apply
the primer and adhesive solution. According to Ferrari
et al,12 under clinical conditions, a thin microbrush is able
to penetrate into root canal preparations and is more
effective and useful. In Figs. 4 and 5, the self-etching and
etch-and-rinse resin luting cements (both systems use prior
application steps) showed longer resin tags. The use of
a microbrush for these adhesive applications should be the
reason for the resin tags in Figs. 4 and 5. In the present
study, different root sections showed significantly different
resin tag formations (P Z 0.39). It can be seen in Table 3
that apical sections showed lower resin tag scores. A
possible explanation is that dentin tubules in coronal
sections of roots14 had larger resin tags which were longer
and had higher densities.23
In the present study, similar mandibular premolars were
used and enlarged to the same corresponding size with
a prefabricated glass-fiber post, and prefabricated glass-
fiber posts of the same size were placed. Accordingly,
adhesive luting resin thicknesses were found to be similar in
Figure 7 Middle section of CL, demonstrates the detach-
ments between glass fiber post and resin luting cement.
Evaluation of resinedentin interface 371these samples. Therefore, it was clearly shown that
a thicker resin luting agent will increase the polymerization
stress, shrinkage, and leakage.24 These volumetric stresses
and shrinkage will cause detachment between the dentin/
resin cement/post assemblies and voids in relation to the
configuration factor (C factor). The C factor is the ratio of
bonded to unbonded surfaces of the cavity.18 It was also
reported that the C factor can exceed 200 in dowel resto-
rations, although it depends on the cavity configura-
tion.25,26 Because of this, high polymerization shrinkage
stresses can occur. Possible causes of the evident separated
zone are stresses caused by dynamic polymerization
shrinkage.
Fig. 6 shows detachments among the dentin, glass-fiber
posts, and resin adhesive cement. As discussed above, the
cause of the detachments should be polymerization and
shrinkage stresses in relation to the thick adhesive luting
resin layer and C factor. Another reason for the detachment
is that there is no visible resin tag formation in Fig. 6, which is
an apical section. Although different studies found that resin
luting adhesive systems are more critical for bonding,23,27
anatomic factors such as polymerization stress, cement
thickness, resin tag formation, and the hybrid layer play
additional important roles in successful bonding.
Detachments between the glass-fiber post and resin luting
cement can be seen in Figs. 4, and 7, 6. In the present study,
detachment at the glass-fiber post/resin luting cement
interfacewas foundmore often thandetachment at the resin
luting cement/dentin interface. Albashaireh et al28 showed
in their study that airborne-particle abrasion significantly
increased the bonding ability and retention of glass-fiber
posts. In the present study, no treatments were applied to
the post surface such as acid-etching, airborne-particle
abrasion, or silanization and/or adhesive application. The
lack of surface treatments of the fiber posts could have
played an important role in the present findings.
Based on the findings of the present study (SEM evalua-
tion), the etch-and-rinse adhesive luting agent (RelyX ARC)demonstrated the best bonding result, but long-term clin-
ical results are needed for a better determination.
Coronal regions of root canals showed the best resin tag
formation, which implied better clinical bonding results
regardless of the different adhesive systems used, whereas
apical regions demonstrated the worst bonding results with
theworst resin tag formation. The RA group (RelyX ARC) with
an etch-and-rinse mechanism showed the best resin tag
formation in all root canal regions among all groups tested.References
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